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A method of yield prejudgment and bump re - assignment for 
a die is provided . The die includes a plurality of areas . Each 
area is electrically connected to a substrate through a cor 
responding bump . The successful - connection probability of 
each area is prejudged . The die is divided into a signal region 
and a short - circuit region according to the successful - con 
nection probabilities . The positions of the bumps are 
arranged so that signal bumps are disposed in the signal 
region and power bumps are disposed in the short region . 
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METHOD OF YIELD PREJUDGMENT AND 
BUMP RE - ASSIGNMENT AND COMPUTER 

READABLE STORAGE MEDIUM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

10001 ] This Application claims priority of Taiwan Patent 
Application No . 106136690 , filed on Oct . 25 , 2017 , the 
entirety of which is incorporated by reference herein . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[ 0002 ] The invention relates to a method of bump assign 
ment , and more particularly to a method of yield prejudg 
ment and bump re - assignment . 

Description of the Related Art 
[ 0003 ] FIG . 1 is a cross - sectional view of an integrated 
circuit ( IC ) after being packaged . As shown in FIG . 1 , the 
integrated circuit 100 comprises a die 110 and a substrate 
120 . The die 110 has a plurality of circuits ( not shown ) and 
a plurality of metal pads 131 - 134 . The metal pads 131 - 134 
are electrically connected to the substrate 120 through the 
respective bumps 141 - 144 . The substrate 120 outputs sig 
nals and / or power levels related to an external circuit to the 
circuits of the die 110 through the bumps 141 - 144 and the 
metal pads 131 - 134 . Furthermore , the substrate 120 may 
outputs signals and / or power levels provided by the circuits 
of the die 110 to the external circuit through the bumps 
141 - 144 and the metal pads 131 - 134 . The external circuit is 
disposed outside of the integrated circuit 100 . 
[ 0004 ] However , a phenomenon known as warpage may 
occur between the die 110 and the substrate 120 due to the 
high temperature of the packaging process . As shown in 
FIG . 1 , at the center of the die 110 , the distance between the 
die 110 and the substrate 120 is too long , so the bump 142 
cannot be electrically connected to the substrate 120 , result 
ing in an open circuit . In addition , since the distance between 
the die 110 and the substrate 120 is too close on the right side 
of the die 110 , the bumps 143 and 144 are electrically 
connected to each other , thus resulting in a short circuit . 
When a short circuit or an open circuit occurs between the 
die 110 and the substrate 120 , the substrate 120 will not be 
able to normally transmit signals and / or power levels to the 
external circuit , such that the die 110 cannot operate nor 
mally . 

abilities ; defining a part of the areas which are arranged in 
the descending order as a signal region , wherein the suc 
cessful - connection probabilities of the areas of the signal 
region are greater than a predetermined value ; dividing the 
short - circuit region into at least one power region and at 
least one ground region ; determining whether the number of 
areas in the power region is less than a first required value 
and whether the number of areas in the ground region is less 
than a second required value ; when the number of areas in 
the power region is less than the first required value , 
assigning at least one area among the areas arranged in the 
descending order to the power region , wherein the success 
ful - connection probability of the area assigned to the power 
region is less than the predetermined value ; and when the 
number of areas in the ground region is less than the second 
required value , assigning at least one area among the areas 
arranged in the descending order to the ground region , 
wherein the successful - connection probability of the area 
assigned to the ground region is less than the predetermined 
value . 
[ 0006 ] An exemplary embodiment of a computer - readable 
storage medium is provided . The computer - readable storage 
medium stores a computer program to perform a method of 
yield prejudgment and bump re - assignment to define the 
functions of a plurality of pumps . The pumps are electrically 
connected to a plurality of areas of a die and a substrate . The 
method comprises calculating the probability of warpage 
occurring in each area to obtain the successful - connection 
probability of the area ; defining the areas whose successful 
connection probabilities are not within a predetermined 
range as a short - circuit region ; arranging the areas excluding 
the areas of the short - circuit region and the areas located at 
corners of the die in a descending order from high to low 
according to the corresponding successful - connection prob 
abilities ; among the areas arranged in the descending order , 
defining the areas whose successful - connection probabili 
ties , among the areas arranged in the descending order , are 
greater than a predetermined value as a signal region ; 
dividing the short - circuit region into at least one power 
region and at least one ground region ; determining whether 
the number of areas in the power region is less than a first 
required value and whether the number of areas in the 
ground region is less than a second required value ; when the 
number of areas in the power region is less than the first 
required value , assigning at least one area whose successful 
connection probabilities is less than the predetermined 
value , among the areas arranged in the descending order , to 
the power region ; and when the number of areas in the 
ground region is less than the second required value , assign 
ing at least one area whose successful - connection probabili 
ties is less than the predetermined value , among the areas 
arranged in the descending order to the ground region . 
[ 0007 ] A detailed description is given in the following 
embodiments with reference to the accompanying drawings . 

BRIEF SUMMARY OF THE INVENTION 
[ 0005 ] An exemplary embodiment of a method of yield 
prejudgment and bump re - assignment for a die is provided . 
The die comprises a plurality of areas . Each area is electri 
cally connected to a substrate through a bump . The method 
comprises the steps of calculating the probability for the 
occurrence of warpage in each area to obtain the successful 
connection probability for the area ; defining a part of the 
areas as a short - circuit region according to the successful 
connection probabilities , wherein the successful - connection 
probabilities of the areas of the short - circuit region are not 
within a predetermined range ; arranging the areas excluding 
the areas of the short - circuit region and the areas located at 
corners of the die in a descending order from high to low 
according to the corresponding successful - connection prob 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0008 ] The invention can be more fully understood by 
reading the subsequent detailed description and examples 
with references made to the accompanying drawings , 
wherein : 
[ 0009 ] FIG . 1 is a cross - sectional view of an integrated 
circuit ; 
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[ 0010 ] FIG . 2 is a schematic flow chart of a method of 
yield prejudgment and bump re - assignment according to an 
exemplary embodiment of the present invention ; 
[ 0011 ] FIG . 3 is a schematic flow chart of a possible 
calculation of the probability of a successful connection 
according to an exemplary embodiment of the present 
invention ; 
[ 0012 ] FIG . 4 shows a part of a die , a part of bumps , and 
a part of a substrate , but it is not intended to limit the present 
invention ; 
[ 0013 ] FIG . 5 is a schematic diagram of the classification 
of a short - circuit set , an open - circuit set , and a successful 
connection set for a die ; and 
[ 00141 FIG . 6 is a schematic view of areas of a die 
according to an exemplary embodiment . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0015 ] The following description is of the best - contem 
plated mode of carrying out the invention . This description 
is made for the purpose of illustrating the general principles 
of the invention and should not be taken in a limiting sense . 
The scope of the invention is best determined by reference 
to the appended claims . 
[ 0016 ] FIG . 2 is a schematic flow chart of a method of 
yield prejudgment and bump re - assignment according to an 
exemplary embodiment of the present invention . The 
method of yield prejudgment and bump re - assignment is 
applied for a die . The die comprises a plurality of areas . Each 
area is electrically connected to a substrate through a bump . 
In an embodiment , the die comprises a plurality of metal 
pads , and each metal pad is electrically connected to the 
substrate through a bump . 
[ 0017 ] First , the probability that warpage will occur in 
each area of the die is calculated to obtain the probability of 
a successful connection in each area ( step S211 ) . In this 
embodiment , the probability of a successful connection 
refers to the probability that the metal pad of each area of the 
die is successfully connected to the substrate through the 
corresponding bump . The present invention does not limit 
how to calculate the probability of a successful connection 
for each area . FIG . 3 is a schematic flow chart of a possible 
calculation of the probability of a successful connection 
according to an exemplary embodiment of the present 
invention . First , at least one warpage parameter is defined 
according to the physical characteristics of the die , the 
substrate and the bumps ( step S311 ) . FIG . 4 is a schematic 
diagram of the warpage parameters of the present invention . 
For the clarity of the description , FIG . 4 only shows a part 
of the die , some of the bumps , and a part of the substrate , but 
it is not intended to limit the present invention . As shown in 
FIG . 4 , a die 402 has metal pads 406 . The metal pads 406 are 
electrically connected to a substrate 404 through bumps 408 . 
In the embodiment , the thickness 410 of the metal pads 406 
can be regarded as a first warpage parameter . The thickness 
412 of the bumps 408 can be regarded as a second warpage 
parameter . In an embodiment , when the thickness 412 of the 
bumps 408 is greater , a short circuit can easily occur 
between one bump 408 and adjacent bumps 408 during the 
packaging process . When the thickness of the bumps 408 is 
small , an open circuit can easily occur between the bumps 
408 and the substrate 404 after the packaging process . 
[ 0018 ] In addition , the pitch 414 between the bumps 408 
can be regarded as a third warpage parameter . In an embodi - 

ment , the pitch 414 is the distance between the center points 
of two bumps . When the pitch 414 is small , a short circuit 
can easily occur between one bump 408 and an adjacent 
bump . Moreover , the size of the die 402 can be regarded as 
a fourth warpage parameter , and the size of the substrate 404 
can be regarded as a fifth warpage parameter . When the sizes 
of the wafer 402 and the substrate 404 are small , warpage 
can easily occur . In other embodiments , any factor that can 
cause warpage in the die can be regarded as a warpage 
parameter . 
[ 0019 ] Then , the warpage parameters are converted into a 
package warpage mathematical model , and a calculation is 
performed to obtain the degree of warpage of each area of 
the die ( step S312 ) . The following is the package warpage 
mathematical model : 

z = f ( x , y ) = ax ? + by - + cx + dy + e 
[ 0020 ] wherein , a , b , c , d , and e are constants and related 
to the manufacturing process . For example , in the same 
manufacturing process , the constants a , b , c , d , and e of the 
package warpage mathematical model for each die are the 
same . In addition , x , y , and z are the three - dimensional 
coordinates of each area of the die . In the embodiment , the 
volume of the bumps may have a 10 % error , but not limited 
to this . 
[ 0021 ] All areas of the die are classified into a short - circuit 
set , an open - circuit set , and a successful - connection set 
according to the degree of warpage of each area ( step S313 ) . 
In the embodiment , a short - circuit probability , an open 
circuit probability , and a successful - connection probability 
of each area of the die can be obtained in step S312 . In step 
S313 , the areas with higher short - circuit probabilities are 
classified into a short - circuit set , the areas with higher 
open - circuit probabilities are classified into an open - circuit 
set , and the areas with higher successful - connection prob 
abilities are classified into a successful - connection set . 
100221 FIG . 5 is a schematic diagram of the classification 
of the short - circuit set , the open - circuit set , and the success 
ful - connection set of the die . In the embodiment , since the 
short - circuit probabilities of the areas located in the corner 
portions 510 and 520 of the die are higher , the areas located 
in the corner portions 510 and 520 of the die are classified 
into the short - circuit set . In addition , since the open - circuit 
probabilities of the areas located in the middle portion 530 
of the die are higher , the areas located in the middle portion 
530 are classified into the open - circuit set . The successful 
connection probabilities of the areas located in the portion 
540 of the die , outside the corner portions 510 and 520 and 
the middle portion 530 , are higher , and the areas located in 
the portion 540 are classified into the successful - connection 
set . 
[ 0023 ] Referring back to FIG . 2 , then , areas whose suc 
cessful - connection probabilities are not within a predeter 
mined range are defined as a short - circuit region ( step S212 ) . 
FIG . 6 is a schematic view of the areas of the die according 
to an exemplary embodiment . Assuming that the successful 
connection probabilities of the areas 2 - 4 , 7 , 13 , 18 , 19 , 24 , 
25 , and 30 are not in the predetermined range and the areas 
2 - 4 , 7 , 13 , 18 , 19 , 24 , 25 , and 30 are defined as a short 
circuit region . According to other embodiments , in step 
S212 , the short - circuit region is further more modulated . In 
an embodiment , the regions 2 – 4 are located on the upper 
edge of the die , and the regions 2 – 4 modulated to a first 
module . The areas 7 , 13 , 19 , and 25 are located at the left 
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edge of the die and modulated to a second module , while the as a second power region , and the third module is defined as 
regions 18 , 24 , and 30 are located at the right edge of the diea ground region , wherein the level of the power transmitted 
and modulated to a third module . In the embodiment , since by the first power region may be the same or different from 
the first , second and third modules are not adjacent to each the level of the power transmitted by the second power 
other , short circuits do not occur between the bumps corre region . 
sponding to the first module and the bumps corresponding to [ 0027 ] It is determined whether the number of areas in the 
the second or third module in the packaging process . Simi power region is less than a first required value and whether 
larly , short circuits do not occur between the bumps corre the number of areas in the ground region is smaller than a 
sponding to the second module and the bumps correspond second required value ( step S216 ) . In an embodiment , the 
ing to the bumps corresponding to the third module . first required value is the number of power bumps required 
Therefore , the circuit layout designer can configure power by the die , and the second required value is the number of 
traces with different voltage levels in different modules . For ground bumps required by the die . 
example , the circuit layout designer configures a power trace 10028 ] When the number of regions in the power region is 
transmitting a voltage with a first level in an area in the first less than the first required value or when the number of 
module ( such as area 2 , 3 , or 4 ) and configures a power trace regions in the ground region is less than the second required 
transmitting a voltage with a second level in an area of the value , at least one area among the areas which are arranged 
second module ( such as 7 , 13 , 19 , or 25 ) . In this case , the in step S213 is assigned to the power region or the ground 
first level is different from the second level . For example , the region ( step S217 ) . Assume that the die requires nine areas 
first level is a high voltage level , the second level is a ground for the power bumps to transmit power and nine areas for the 
level . ground bumps to transmit ground voltage . In the example , 
[ 0024 ] Excluding the areas of the short - circuit region and both the first and second required values are equal to nine . 
the areas located at the corners of the die , the remaining [ 0029 ] As described above , the first and third modules 
areas are arranged in a descending order from high to low belong to the power region , and there are six areas in the first 
according to the successful - connection probabilities of the and third modules . However , the die requires nine areas for 
remaining areas ( step S213 ) . In the embodiment , since the the power bumps . Thus , three areas among the areas which 
areas 2 - 4 , 7 , 13 , 18 , 19 , 24 , 25 , and 30 belong to the are arranged in step S213 are selected and assigned to the 
short - circuit region , the arrangement of step S213 is not power region . In an embodiment , the three areas arranged 
performed on the areas 2 - 4 , 7 , 13 , 18 , 19 , 24 , 25 , and 30 . behind ( such as the areas 14 , 26 , and 34 ) are assigned to the 
Moreover , since the areas 1 , 6 , 31 , and 36 are located at the power region . In addition , the second module belongs to the 
corners of the die , the arrangement of step S213 is also not ground region , and there are four areas . However , the die 
performed on the areas 1 , 6 , 31 , and 36 . Excluding the requires nine areas for the ground bumps . Thus , five areas 
short - circuit region and the corner regions , the remaining among the areas which are arranged in step S213 are 
areas are areas 8 - 12 , 14 - 17 , 20 – 23 , 26 - 29 , and 32 ~ 35 . In selected and assigned to the ground region . In an embodi 
step S213 , the remaining areas are arranged in the descend ment , the areas 8 , 32 , 12 , 5 and 35 are assigned to the ground 
ing order from high to low according to the successful region . In other embodiments , the area that has been 
connection probabilities . Assuming that the areas from the assigned to the power region cannot be assigned to the 
highest successful - connection probability to the lowest suc ground region . 
cessful - connection probability of successful connection are 0030 In other embodiments , at least one region among 
15 , 16 , 10 , 23 , 28 , 27 , 21 , 33 , 29 , 20 , 9 , 17 , 11 , 14 , 8 , 26 , 32 , the areas which are arranged in step S213 is selected to serve 
34 , 13 , 18 , 24 , 7 , 25 , 22 , 30 , and 2 . In other embodiments , as a dummy in step S217 . In an embodiment , the corner 
the remaining areas may be arranged in ascending order areas ( such as the areas 1 , 6 , 31 , and 31 ) of the die serve as 
from low to high according to the successful - connection dummy areas in step S217 . 
probabilities of the remaining areas . [ 0031 ] When the number of areas of the power region and 
[ 0025 ] From the areas arranged in the descending order , the number of areas of the ground region meet the first and 
some areas are selected and defined as a signal region ( step second required values , respectively , the area configuration 
S214 ) . In an embodiment , the areas whose successful of the die is completed ( step S218 ) . In this embodiment , the 
connection probabilities are greater than a predetermined conditions related to the known or expected warpage and 
value are defined as a signal region . Assume that the die unevenness are numerically analyzed through the method of 
requires thirteen areas serving as bumps for transmitting yield prejudgment and bump re - assignment shown in FIG . 2 
signals . In the embodiment , the first thirteen areas ( such as to obtain the probabilities of the occurrence of an open 
the areas 15 , 16 , 10 , 23 , 28 , 27 , 21 , 33 , 29 , 20 , 9 , 17 , and 11 ) circuit , a short circuit , or a successful connection for each of 
arranged according to the descending order are defined as the all positions in the die and further obtain an open - circuit 
the signal region . In another embodiment , when the areas are set , a short - circuit set , and a successful - connection set . The 
arranged in ascending order from low to high , the last positions of the bumps are re - assigned by using the three 
thirteen areas are selected and defined as a signal region . sets , such that the bumps can be utilized adequately in 
[ 0026 ] . The areas of the short - circuit region are divided functions in the condition in which warpage or unevenness 
into at least one power region and at least one ground region occurs , such as when the bump is utilized as a ground or to 
( step S215 ) . In an embodiment , the first module composed transmit a signal . 
of the areas 2 - 4 and the third module composed of the areas [ 0032 ] For example , a circuit layout designer of the die 
18 , 24 , and 30 belong to the power region , and the second obtains the probability of a successful connection in each 
module composed of the areas 7 , 13 , 19 , and 25 belong to area of the die according to the method of yield prejudgment 
the ground region , however , it is not intended to limit the and bump re - assignment shown in FIG . 2 . Accordingly , the 
present invention . In other embodiments , the first module is circuit layout designer arranges the signal lines of the circuit 
defined as a first power region , the second module is defined in the signal region and arranges the power traces thereof in 
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the short - circuit region in advance . Thus , even in the pack 
aging process , the transmission of the signals and power is 
not affected by the occurrence of a warpage phenomenon . 
[ 0033 ] Yield prejudgment and bump re - assignment meth 
ods , or certain aspects or portions thereof , may take the form 
of a program code ( i . e . , executable instructions ) embodied in 
tangible media , such as floppy diskettes , CD - ROMS , hard 
drives , or any other machine - readable storage medium , 
wherein , when the program code is loaded into and executed 
by a machine such as a computer , the machine thereby 
becomes an apparatus for practicing the methods . The 
methods may also be embodied in the form of a program 
code transmitted over some transmission medium , such as 
electrical wiring or cabling , through fiber optics , or via any 
other form of transmission , wherein , when the program code 
is received and loaded into and executed by a machine such 
as a computer , the machine becomes an apparatus for 
practicing the disclosed methods . When implemented on a 
general - purpose processor , the program code combines with 
the processor to provide a unique apparatus that operates 
analogously to application - specific logic circuits . 
[ 0034 ] Unless otherwise defined , all terms ( including tech 
nical and scientific terms ) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which this invention belongs . It will be further 
understood that terms , such as those defined in commonly 
used dictionaries , should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 
relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein . 
[ 0035 ] . While the invention has been described by way of 
example and in terms of the preferred embodiments , it is to 
be understood that the invention is not limited to the 
disclosed embodiments . To the contrary , it is intended to 
cover various modifications and similar arrangements ( as 
would be apparent to those skilled in the art ) . Therefore , the 
scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modifi 
cations and similar arrangements . 

What is claimed is : 
1 . A method of yield prejudgment and bump re - assign 

ment for a die , the die comprising a plurality of areas , each 
area being electrically connected to a substrate through a 
bump , and the method comprising : 

calculating a probability for an occurrence of warpage in 
each area to obtain a successful - connection probability 
for the area ; 

defining some of the areas as a short - circuit region 
according to the successful - connection probabilities , 
wherein the successful - connection probabilities of the 
areas of the short - circuit region are not within a pre 
determined range ; 

arranging the areas excluding the areas of the short - circuit 
region and the areas located at corners of the die in a 
descending order from high to low according to the 
corresponding successful - connection probabilities ; 

defining some of the areas which are arranged in the 
descending order as a signal region , wherein the suc 
cessful - connection probabilities of the areas of the 
signal region are greater than a predetermined value ; 

dividing the short - circuit region into at least one power 
region and at least one ground region ; 

determining whether the number of areas in the power 
region is less than a first required value and whether the 
number of areas in the ground region is less than a 
second required value ; 

when the number of areas in the power region is less than 
the first required value , assigning at least one area 
among the areas arranged in the descending order to the 
power region , wherein the successful - connection prob 
ability of the area assigned to the power region is less 
than the predetermined value ; and 

when the number of areas in the ground region is less than 
the second required value , assigning at least one area 
among the areas arranged in the descending order to the 
ground region , wherein the successful - connection 
probability of the area assigned to the ground region is 
less than the predetermined value . 

2 . The method as claimed in claim 1 , wherein calculating 
the probability for the occurrence of warpage in each area to 
obtain the successful - connection probability for the area 
comprises : 

calculating a degree of warpage for each of the areas 
according to physical characteristics of the die , the 
substrate , and the bumps . 

3 . The method as claimed in claim 2 , wherein the physical 
characteristics of the die comprise a size of the die and 
thickness of metal pads . 

4 . The method as claimed in claim 2 , wherein the physical 
characteristics of the substrate comprise a size of the sub 
strate . 

5 . The method as claimed in claim 2 , wherein the physical 
characteristics of the bump comprise pitches of the bumps 
and thickness of the metal pads . 

6 . The method as claimed in claim 2 , wherein calculating 
the probability for the occurrence of warpage in each area to 
obtain the successful - connection probability for the area 
further comprises : 

calculating a probability that each area is successfully 
connected to the substrate through the corresponding 
bump according to the degree of warpage and volume 
of the bumps to obtain the successful - connection prob 
ability . 

7 . The method as claimed in claim 1 , wherein dividing the 
short - circuit region into the power region and the ground 
region comprises : 
modulating the areas of the short - circuit region to obtain 

a first module and a second module , wherein the areas 
of the first module are adjacent to each other , and the 
areas of the second module are adjacent to each other ; 

defining the areas of the first module as the power region ; 
and 

defining the areas of the second module as the ground 
region . 

8 . A computer - readable storage medium storing a com 
puter program to perform a method of yield prejudgment 
and bump re - assignment to define functions for a plurality of 
pumps , the pumps being electrically connected to a plurality 
of areas of a die and a substrate , and the method comprising : 

calculating a probability for an occurrence of warpage in 
each area to obtain a successful - connection probability 
for the area ; 

defining the areas whose successful - connection probabili 
ties are not within a predetermined range as a short 
circuit region ; 



US 2019 / 0121930 A1 Apr . 25 , 2019 

arranging the areas excluding the areas of the short - circuit 
region and the areas located at corners of the die in a 
descending order from high to low according to the 
corresponding successful - connection probabilities ; 

defining the areas whose successful - connection probabili 
ties , among the areas arranged in the descending order , 
are greater than a predetermined value as a signal 
region ; 

dividing the short - circuit region into at least one power 
region and at least one ground region ; 

determining whether the number of areas in the power 
region is less than a first required value and whether the 
number of areas in the ground region is less than a 
second required value ; 

when the number of areas in the power region is less than 
the first required value , assigning at least one area 
whose successful - connection probabilities is less than 
the predetermined value , among the areas arranged in 
the descending order , to the power region ; and 

when the number of areas in the ground region is less than 
the second required value , assigning at least one area 

whose successful - connection probabilities is less than 
the predetermined value , among the areas arranged in 
the descending order to the ground region . 

9 . The computer - readable storage medium as claimed in 
claim 8 , calculating the probability for the occurrence of 
warpage in each area to obtain the successful - connection 
probability for the area comprises : 

calculating a degree of warpage of each of the areas 
according to physical characteristics of the die , the 
substrate , and the bumps to obtain the successful 
connection probability . 

10 . The computer - readable storage medium as claimed in 
claim 8 , wherein the physical characteristics of the die 
comprise a size of the die and thickness of the metal pads , 
the physical characteristics of the substrate comprise a size 
of the substrate , and the physical characteristics of the bump 
comprise pitches of the bumps and the thickness of the metal 
pads . 


